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(54) Direct conversion receiver capable of cancelling DC offset voltages 



(57) A direct conversion receiver comprising mixers 
(13a, 13b) for mixing a received radio frequency signal 
and a local oscillation signal in frequency, a signal 
processing unit (18) for converting the output signal of 
the mixers (13a. 13b) into a t>aseband signal, a delta- 
Sigma modulator (210) for detecting offset voltage from 
the output signal of the signal processing unit (18), a 



holding circuit (220) for supplying offset canceling volt- 
age for canceling the offset voltage, and a switch (20) of 
supplying the output signal of the mixers (13a, 13b) to 
the delta-sigma modulator (210) during a given period 
and supplying the offset canceling voltage sent from the 
holding circuit (220) to the output side of the mixers 
(13a. 13b). 
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Description 

BACKGROUNDS OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a direct conversion 
receiver, and more particularly to a direct conversion 
receiver known as a zero intermediate frequency (IF) 
receiver, for use in a portable telephone or other radio 
terminal devices. 

DESCRIPTION OF THE RELATED ART 

Recently, there have been rising the demands for 
downsizing, power consumption reduction, and cost 
reduction of a radio according to the prevalence of a 
portable telephone and other radio portable terminals. 
As a radio receiving method for realizing such demands, 
a direct conversion is an attractive architecture in radio 
design. 

Rg. 9 shows a block diagram of the typical direct 
conversion receiver of this kind. With reference to Fig. 9, 
radio frequency signals are respectively supplied to 
quadrature mixers 73a and 73b through an antenna 71 
and a radio frequency amplifier 72. One is multiplied by 
a local oscillation frequency of a local oscillator 74 in the 
mixer 73a, and the other is multiplied by the quadrature 
component of the local oscillation frequency in the mixer 
73b. then to be supplied as l-connponent and Q-compo- 
nent The quadrature component of the local oscillation 
frequency of the local oscillator 74 is generated by a 90 
degrees phase shifter 75. The respective output signals 
of the mixers 73a and 73b consist of the sum compo- 
nent of input carrier frequency and local oscillation fre- 
quency and the difference component relative to the 
zero frequency (in case of ± expression of spectrum). 
LPFs 76a and 76b extract only the difference compo- 
nent with the zero frequency fixed as a reference (here- 
inafter, referred to as a zero frequency component). The 
extracted zero frequency component is further proc- 
essed and demodulated by respective baseband ampli- 
fiers 77a and 77b. 

The above-mentioned direct conversion method 
directly converts the input frequency into the baseband 
frequency. This conesponds to the case where the 
intermediate frequency is zero in the superheterodyne 
method. Because no image frequency component 
exists, no radio frequency filter is required. The base- 
band signal has such a form as turning back at the zero 
frequency and LPF may be used as a channel filter. This 
makes IC fabrication easier compared with a channel fil- 
ter of BPF type for use in the superheterodyne method. 
The direct conversion method has been recently recog- 
nized as a suitable circuit for 1 chip receiver because of 
requiring few external parts and making LSI fabrication 
easier compared with the superheterodyne method. 

However, in order to use a direct conversion 



receiver in a radio system such as a portable telephone, 
it is necessary to eliminate dc (direct-current) offset volt- 
age generally existing on the order of several mV to sev- 
eral 10 mV in a mixer, which is a serious practical 

5 problem. In order to get a good sensitivity in PDC (Per- 
sonal Digital Cellular-phone) system and PHS (Per- 
sonal Handy-phone System), the amplrfication degree 
of the baseband amplifiers 77a and 77b must be set at 
an extremely high value, for example, at several 10 dS. 

10 The k>aseband amplifiers, however, are saturated with 
the dc offset voltage occurring in the mixer as men- 
tioned akxive, and never function as a receiver. 

In order to solve the above problem, placing dc 
t}tocklng condensers 78a and 78b behind the mixers 

75 73a and 73b may be considered as illustrated in Fig. 1 0. 
This method, however, also blocks the zero frequency 
component and therefore this method can be applied 
only to the FSK modulation, for example, for use in a 
pager system. Even in this case, another additional cir- 

20 cuit for shortening the charge/discharge time of a 
capacitor is generally needed, thereby increasing the 
circuit size disadvantageous^, since a pager with an 
intermittent receiving function is generally designed in 
order to extend a t^attery life. 

25 Another conventional technique for eliminating dc 
offset voltage is disclosed in. for example, Japanese 
Patent Publication Laki-Open (Kokai) No. Heisei 3- 
220823, "Direct Conversion Receiver". The same publi- 
cation describes a method of eliminating dc offset volt- 

30 age by a negative feedback loop using AD and DA 
converters as illustrated in Fig. 1 1 . In the block diagram 
of Fig. 1 1 . the same reference numerals are respec- 
tively attached to the same components as those of the 
block diagram of Fig. 9. 

35 In a direct conversion receiver as shown in Fig. 1 1 , 
dc offset voltage is extracted from the output signals of 
tiie baseband amplifiers 77a and 77b by use of the AD 
converters 81a and 81b. and according to the extracted 
result, the dc offset voltage is suppressed by use of a 

40 data processing circuit 82 and DA converters 83a and 
83b tiiat are closed-loop controlling means. 

This method Is applicable to 7c/4QPSK modulation 
for use In PDC and PHS because of blocking off none of 
the zero frequency component in signal information. 

45 However, this method, by use of a closed-loop, is not 
effective in the change of offset voltage at the earlier 
time because of the restriction of the loop convergence 
time. More specifically, in case of controlling the aver- 
age value of the offset voltage, for example, to be zero 

50 during a long period of one second, some effects can be 
expected to an extent. Howler, it is not effective in tiie 
offset voltage such as would vary at a speed of time slot 
of the digital portable telephone system (for example, 
0.625 msec in PHS). Further, it is defective in increasing 

55 the circuit size because of using AD and DA converters. 
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SUMMARY OF THE INVENTION 

An object of the present Invention is to provide a 
direct conversion receiver with an offset voltage cance- 
ling circuit capable of canceling finest offset voltages at 
a high speed. 

Another object of the present invention is, in addi- 
tion to the above object, to provide a direct conversion 
receiver capable of preventing from increasing the cir- 
cuit size and suitable for a portable telephone or the 
other portable radio terminal device. 

According to the first aspect of the invention, a 
direct conversion receiver comprises 

frequency mixing means for mixing a received radio 
frequency signal and a local oscillation signal in fre- 
quency, 

signal converting means for converting the output 
signal of the frequency mixing means into a base- 
band signal, 

offset voltage detecting means for detecting offset 
voltage from the output signal of the signal convert* 
ing means, 

offset canceling means for supplying offset cance- 
ling voltage for canceling the offset voltage in the 
output signal of the frequency mixing means, corre- 
spondingly to the offset voltage detected by the off- 
set voltage detecting means, and 
switching means for supplying the output signal of 
the frequency mixing means to the offset voltage 
detecting means during a given period based on a 
predetermined rule, and supplying the offset cance- 
ling voltage sent from the offset canceling means to 
the output side of the frequency mixing means dur- 
ing a period other than the given period. 

In the preferred construction, when it is applied to a 
communication system of Time Division Multiplex 
Access method, the switching means switches connec- 
tion so as to supply the output signal of the frequency 
mixing means to the offset voltage detecting means dur- 
ing a period other than an assigned time slot of the 
present receiver, or so as to supply the offset canceling 
voltage sent from the offset canceling means to the out- 
put side of the frequency mixing means during a period 
of the assigned time slot of the present receiver. 

In the preferred construction, when it is applied to a 
communication system of Frequency Division Multiplex 
Access method, the swvitching means switches connec- 
tion so as to supply the output signal of the frequency 
mixing means to the offset voltage detecting means dur- 
ing a period corresponding to a pilot signal part of a 
received frame, or so as to supply the offset canceling 
voltage sent from the offset canceling means to the out- 
put side of the frequency mixing means during the other 
period. 

In the preferred construction, the offset voltage 
detecting means comprises delta-sigma modulating 



means receiving the output of the frequency mixing 
means for delta-sigma modulation, and averaging 
means for averaging the output signal delta-sigma mod- 
ulated by the delta-sigma modulating means. 

5 In the preferred construction, the offset voltage 

detecting means comprises delta-sigma modulating 
means receiving the output of the frequency mixing 
means for delta-sigma modulation, and averaging 
means for averaging the output signal delta-sigma mod- 

10 utated by the delta-sigma modulating means. 

the delta-sigma modulating means being a first 
order or more delta-sigma modulator. 

15 In the preferred construction, the offset voltage 
detecting means comprises delta-sigma modulating 
means receiving the output of the frequency mixing 
means for delta-sigma modulation, and averaging 
means for averaging the output signal delta-sigma nrKxI- 

20 utated by the delta-sigma modulating means, 

the delta-sigma modulating means being a MASH 
typed delta-sigma modulator. 

25 In another preferred construction, the offset cance- 
ling means inverts the offset voltage detected by the off- 
set voltage detecting means to obtain offset canceling 
voltage and holds the obtained offset canceling voKage. 
In another preferred construction, the offset voltage 

30 detecting means comprises delta-sigma modulating 
means receiving the output of the frequency mixing 
means for delta-sigma modulation, and averaging 
means for averaging the output signal delta-sigma mod- 
ulated by the delta-sigma modulating means, and 

35 

the offset canceling means inverts the voltage sup- 
plied from the averaging means to obtain offset 
canceling voltage and holds the obtained offset 
canceling voltage. 

40 

In another preferred construction, one or more 
stage baseband amplifiers are disposed between the 
frequency mixing means and the signal converting 
means, 

46 

the output side of any baseband amplifier before 
the rear baseband amplifier being arranged to be 
connected to the switching means for extracting the 
output signal to be supplied to the offset voltage 
so detecting means and supplying the offset canceling 
voltage. 

According to the second aspect of the invention, a 
direct conversion receiver comprises 

55 

frequency converting means for mixing a received 
radio frequency signal and a local oscillation signal 
in frequency and converting it into a baseband sig- 
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nal, 

offset voltage detecting means for detecting offset 
voltage from the output signal of the frequency con- 
verting means during a given period based on a 
predetermined rule, ajnd s 
offset canceling means for canceling the offset volt- 
age in the output signal of the frequency converting 
means during a period other than the given period, 
conrespondingly to the offset voltage detected by 
the offset voltage detecting means. 10 

In the preferred construction, when it is applied to a 
communication system of Time Division Multiplex 
Access method, the offset voltage detecting means 
detects offset voltage during a period other than an is 
assigned time slot of the present receiver, and 

the offset canceling means supplies the offset can- 
celing voltage to the output side of the frequency 
converting means during a period of the assigned 20 
time slot of the present receiver. 

In the preferred construction, when it is applied to a 
communication system of Frequency Division Multiplex 
Access mettiod, the offset voltage detecting means 25 
detects offset voltage during a period corresponding to 
a pilot signal part of a received frame. 

the offset canceling means supplies the offset can- 
celing voltage sent from the offset canceling means 30 
to the output side of the frequency converting 
meems during the otiier period. 

In anotiier preferred construction, the offset voltage 
detecting means fetches the output signal of the fre- 35 
quency converting means through one or more stage 
baseband amplifiers and detects offset voltage of the 
obtained output signal. 

According to the third aspect of the invention, a 
direct conversion receiver comprises 40 

frequency mixing means for mixing a received radio 
frequency signal and a local oscillation signal in fre- 
quency, 

signal converting means for converting the output 45 
signal of the frequency mixing means into a base- 
band signal, 

offset voltage detecting means for detecting offset 
voltage from the output signal of the signal convert- 
ing means, so 
offset canceling means for supplying offset cance- 
ling voltage for canceling offset voltage in the output 
signal of the frequency mixing means, correspond- 
ingly to the offset voltage detected by the offset volt- 
age detecting means, so as to overlap the output ss 
signal of the frequency mixing means, and 
switching means for blocking the supply of the out- 
put signal of the offset voltage detecting means to 



the offset canceling means during a given period 
based on a predetermined rule, and supplying the 
output signal of the offset voltage detecting means 
to the offset canceling means during a period other 
tiian the given period. 

In the preferred construction, when it is applied to a 
communication system of Time Division Multiplex 
Access method, the switching means blocks the supply 
of the output signal of the offset voltage detecting 
means to the offset canceling means during a period 
other than an assigned time slot of the present receiver, 
and supplies the output signal of tiie offset voltage 
detecting means to the offset canceling means during a 
period of the assigned time slot of the present receiver. 

In the preferred construction, when it is applied to a 
communication system of Frequency Division Multiplex 
Access method, the switching means blocks the supply 
of the output signal of the offset voltage detecting 
means to the offset canceling means during a period 
corresponding to a pilot signal part of a received frame, 
and supplies the output signal of the offset voltage 
detecting means to the offset canceling means during 
the other period. 

In another preferred construction, the offset voltage 
detecting means comprises delta-sigma modulating 
means receiving the output of the frequency mixing 
means for delta-sigma nrKxiulation. and averaging 
means for averaging the output signal delta-sigma mod- 
ulated by the delta-sigma modulating means, 

the delta-sigma modulating means being a first or 
more delta-sigma modulator. 

In another preferred construction, tiie offset voltage 
detecting means comprises delta-sigma modulating 
means receiving the output of the frequency mixing 
means for delta-sigma modulation, and averaging 
means for averaging the output signal delta-sigma mod- 
ulated by the delta-sigma modulating means, 

the delta-sigma modulating means being a MASH 
typed delta-sigma modulator. 

Other objects, features and advantages of tiie 
present invention will become clear from the detailed 
description given herebelow. 

BRIEF DESCRITPTION OF THE DRAWINGS 

The present invention will be understood more fully 
from the detailed description given herebelow and from 
the accompanying drawings of tiie preferred embodi- 
ment of the invention, which, however, should not be 
taken to be limitative to the invention, but are for expla- 
nation and understanding only. 

In the drawings: 
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Fig. 1 is a block diagram showing a constitution of a 
direct conversion receiver according to an ennk}odi- 
ment of tlie present invention. 
Fig. 2 is a view shewing a constitution example of a 
frame in TDMA method. 

Fig. 3 is a view showing a constitution example of a 
frame in FDMA method. 

Fig. 4 Is a block diagram showing a constitution 
example of a second delta-sigma modulator. 
Fig. 5 Is a block diagram showing a constitution 
example of a MASH typed delta-sigma modulator of 
three stages. 

Fig. 6 is a block diagreim showing a constitution of a 
direct conversion receiver according to another 
emlxxJiment of the present invention. 
Fig. 7 is a block diagram showing a constitution of a 
direct conversion receiver according to further 
another embodiment of the present invention. 
Fig. 8 is a constitution example of a frame in the 
TDMA method for use in describing the operation of 
the embodiment of Fig. 7 

Fig. 9 Is a block diagram showing a constitution of 
the conventional direct conversion receiver. 
Fig. 10 Is a block diagram showing another consti- 
tution of the conventional direct conversion 
receiver. 

Fig. 11 is a block diagram showing further another 
constitution of the conventional direct conversion 
receiver. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment of the present invention 
will be discussed hereinafter in detail with reference to 
the accompanying drawings. In the following descrip- 
tion, numerous specific details are set forth in order to 
provide a thorough understanding of the present inven- 
tion. It will be otjvious, however, to those skilled In the 
art that the present invention may be practiced without 
these specific details. In other instance, well-known 
structures are not shown in detail in order to unneces- 
sary ot)scure the present invention. 

Fig. 1 1s a block diagram showing a constitution of a 
direct conversion receiver according to an embodiment 
of the present invention. The following description will 
be made, by way of example, in case of Time Division 
Multiplex Access (TDMA) method for use in PHS. PDC. 
or the like.-With reference to Fig. 1 , RF (radio frequency) 
signals received through an antenna 11, passing 
through a high frequency amplifier 12, are respectively 
quadrature-converted by mixers 13a and 13b. in the 
direct conversion receiver in the embodiment. There- 
fore, a local oscillator 14 and a 90 degrees phase shifter 
15 are provided therein and the local oscillation fre- 
quency and the quadrature component thereof are 
respectively supplied to the mixers 13a arxi 13b. The 
output signals of the mixers 13a and 13b are respec- 
tively supplied to offset voltage canceling circuits 100a 



and 100b. so to be processed therein. Rg. 1 shows the 
concrete example of the offset voltage canceling circuit 
100a only for 1-component supplied from the mixer 13a. 
while the description and the illustration of the offset 

5 voltage canceling circuit 100b for Q-component Is omit- 
ted there because of having the same constitution and 
function as the offset voltage canceling circuit 100a. Fig. 
1 shows only the characteristic conponents of this 
embodiment, while the description of other general 

70 components is omitted there. 

The output signal of the mixer 13a is divided into 
two; one is received by a signal processing unit 18 via 
an LPF 16 and a baseband amplifier 17, where it is sub- 
ject to the baseband signal processing, and the other Is 

15 received by an offset canceling voltage generator 200 
through the contact "n** of a switch 20. The offset cance- 
ling voltage generator 200 includes a detta-sigma mod- 
ulator 210 for detecting offset voltage, an inverter 230 
for Inverting the output signal modulated by the delta- 

20 Sigma modulator 210, an averaging circuit 240 for aver- 
aging the output signal of the Inverter 230. and a holding 
circuit 220 for holding the output signal of the averaging 
circuit 240. The output signal of the holding circuit 220 is 
supplied to the mi^^ 1 3a through the contact "m" of the 

25 switch 20. The switch 20 is controlled by a switch con- 
troller 19. 

The divided output of the mixer 1 3a received by the 
delta-sigma modulator 210 Is applied to the positive- 
phase input of the subtracter 21 1 and the subtracted 

30 output of the subtracter 211 is supplied to a one-bit 
quantizer 21 3 via an integrator 212. The output signal of 
the one-bit quantizer 213 is applied to the negative- 
phase input of the sutitracter 211 via a one-sanple 
delaying unit 214. 

35 Switching control of the switch 20 by the switch con- 
troller 19 will be performed as follows. Since the embod- 
iment adopts the TDMA method as mentioned above, 
when considering the case of, for example, a terminal 
No. 2 (indicated as R2). with reference to one example 

40 of a slot structure of TDMA as shown in Fig. 2, the radio 
frequency amplifier 12 is activated into a data receiving 
state In a period of a receiving slot 21 and the switch 20 
Is connected to the contact "m". The radio frequency 
amplifier 12 is in a non-activated sleeping state during 

45 the period 23 after the end of the receiving slot 21 
before the start of the receiving slot 22 of the next 
frame, and the switch 20 Is connected to the contact "n**. 

The periods 21 and 22 in Fig. 2 are offset voltage 
canceling periods and the period 23 is an offset voltage 

so detecting period. The delta-sigma modulator 210 is 
used to detect the offset voltage in the offset voltage 
detecting period. The principal of the operation has 
been desalbed in detail, for example, in The Transac- 
tions of the Institute of Electronics. Information and 

55 Communication Engineers", pp.1422 to 1429. No. 12, 
Vol. 72 published In December. 1989. According to the 
same article, the delta-sigma modulator 210 modulates 
the input signal into a signal train of one-bit oversam- 
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pling frequency having a "+a" or "-a" value (where "a" is 
a constant). After passing through the delta-sigma mod- 
ulator 210, the offset voltage appearing in the mixer out- 
put during the period 23 is converted into one-bit digital 
signal like "±a" having a positive or negative value. The 
digital signal is further Inverted in sign by the inverter 
230 and averaged by the averaging circuit 240. Thus, 
the inverted value of the direct offset voltage sign of the 
mixer 13a during the period 23 can be obtained. This 
value is held by the holding circuit 220 consisting of a 
txjffer 221 and a condenser 222. Next, in the period 22. 
the direct offset voltage of the mixer 13a is cancelled 
according to the inverted value of the holding circuit 220 
through the switch 20. Therefore, the offset voltage will 
be cancelled when receiving the data. 

As is apparent from the above description, in the 
offset voltage canceling circuit 100 of the embodiment, 
the offset canceling voltage generator 200 and the 
switch 20 form one open loop, and therefore the cance- 
ling operation in the open loop is speedy compared with 
in the closed-loop. For example, the offset canceling 
operation can be performed in the immediate vicinity of 
the receiving slot, as the point "A** indicated in Fig. 2. 
Therefore, even if the offset voltage varies on the order 
of time slot, the canceling operation can be performed 
minutely, thereby suppressing the deterioration of the 
receiving characteristics at a minimum. 

Though the at)ove description has been made in 
the case where the offset voltage is a constant, if the off- 
set voltage varies temporally, the inverted output signal 
of the average value of the varying voltage can be 
obtained at the contact "m" of the switch 20. 

The description has been made in the case of the 
TDM A method with reference to Fig. 2. In the case of a 
direct conversion receiver of FDMA (Frequency Division 
Multiplex Access) method receiving a signal sequen- 
tially, the same effect as in the above-mentioned TDMA 
method can be realized by setting the non-receiving 
state at a minimum necessary to detect offset voltage 
for the purpose of offset canceling. The non-receiving 
state can be obtained, for example, by turning off the 
radio frequency amplifier 12. Fig. 3 shows an example 
of a radio frame in the FDMA method. In Fig. 3, the tim- 
ing of turning off the radio frequency amplifier 12 may 
be decided by selecting a predetermined period of the 
pilot signal (pilot) of the receiving frame shown as "B" in 
Fig. 3. Namely, the switch 20 is controlled toward the 
contact "n" side during only the selected period, and in 
the other period, it is controlled toward the contact "m" 
side to do offset voltage canceling. The timing of turning 
off the radio frequency amplifier 12 is not always 
selected in all the pilot signals, but the timing thereof 
may be selected by thinning out it intermittently 

Generally, assuming that the full scale of an AD 
converter is. for example. 1 V. the AD converter having 
10 bits resolution (60 dB) or the more is needed in order 
to detect a voltage of several mV con^esponding to the 
offset voltage of a mixer. In the exanrple of Rg. 1 , if set- 



ting the value "a" in the modulation processing by the 
delta-sigma modulator 210, for exanple, at 100 mV, an 
AD converter having 40 dB or 7 bits resolution would be 
enough. The signal to noise ratio. S/N of the first delta- 
5 Sigma modulator can be expressed as 

S/N=(9ic/2)-{f8/(2tffb)}^ 

where, f^ is the sampling frequency and fb is the signal 

10 band. Therefore, the resolution of S/N=40 dB can be 
easily obtained by use of the first delta-sigma modulator 
210 shown in Fig. 1. 

The offset canceling voltage generator 200 shown 
in Fig. 1 adopts the first delta-sigma modulator 210. 

15 Othenwise, if adopting a second or further-order delta- 
sigma modulator or a delta-sigma modulator of MASH 
(Multi Stage Noise Shaping) type, smaller offset voltage 
canceling and high-speed operation could be expected 
although the circuit becomes complicated. 

20 Hg. 4 is a circuit of a second-order delta-sigma 
modulator. The circuitry of the delta-sigma modulator 
shown in Fig. 4 is disclosed in "The Transactions of the 
Institute of Electronics. Information and Communication 
Engineers'* as mentioned above. With reference to Rg. 

25 4, the second-order delta-sigma modulator comprises 
subtracters 41 and 43. integrators 42 and 44, a one-bit 
quantizer 45, and a one-sample delaying unit 46. The 
input signal is applied to the positive-phase input of the 
subtracter 41 . the output signal of the subtracter 41 . 

30 passing through the integrator 42, is applied to the pos- 
itive-phase input of the subtracter 43. and ttie output 
signal of the sutytracter 43. passing through the integra- 
tor 44, is supplied to the one-bit quantizer 45. The out- 
put signal of the one-bit quantizer 45. after being 

35 delayed by one-sample delaying unit 46. is applied to 
tiie negative-phase input of the subtracters 41 and 43. 

Rg. 5 is a circuit of a MASH typed delta-sigma mod- 
ulator of three-stages. The drcuitry of the delta-sigma 
modulator shown in Fig. 5 is disclosed in "The Trar^c- 

40 tions of the Institute of Electronics. Information and 
Communication Engineers" as mentioned above. With 
reference to Rg. 5. the MASH typed AD converter com- 
prises subtracters 51 , 54. 55, 59. and 60, integrators 52, 

56, and 61. one-bit quantizers 53. 57, and 62, differenti- 
45 ators 58. 63, and 64, and an adder 65. The input signal 

is applied to the positive-phase input of tiie subtracter 
51, passing through the integrator 52 and entering the 
one-bit quantizer 53. The output signal of the integrator 
52 is applied to the positive-phase input of the sub- 
so tracter 54. The output signal of the one-t»t quantizer 53 
is applied to the negative-phase inputs of the subti-act- 
ers 51 and 54 and supplied to the adder 65. The output 
signal of the subtracter 54 is applied to the positive- 
phase input of the subtracter 55. and passing through 
55 the integrator 56. it is supplied to the one-bit quantizer 

57. The output signal of the integrator 56 is applied to 
the positive-phase input of the subtracter 59. The output 
signal of the one-bit quantizer 57 is applied to the nega- 
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tive-phase inputs of the sut>tracters 55 and 59 and sup- 
plied to the adder 65 through the integrator 58. The 
output signal of the subtracter 59 is applied to the posi- 
tive-phase input of the subtracter 60 and supplied to the 
one-bit quantizer 62 passing through the integrator 61. 
The output signal of the one-bit quantizer 62 is applied 
to the negative-phase input of the subtracter 60 and 
supplied to the adder 65 after passing through the differ- 
entiators 63 and 64 provided in series. 

Fig. 6 is a block diagram showing a configuration of 
a direct conversion receiver according to another 
embodiment of the present invention. With reference to 
Fig. 6. the direct conversion receiver of the embodiment 
Is configured In the same way as that of first embodi- 
ment as shown in Fig. 1, except that this emtxxliment is 
provided with two stages of process of receiving an out- 
put signal of the mixer 13a or 13b to process it and sup- 
plying it to the signal processing unit 18. In Fig. 6, the 
same reference numerals are respectively attached to 
the same components as those shown in Fig. 1. Fig. 6 
shows only the characteristic components of this 
embodiment and the description of other general com- 
ponents is omitted. 

This embodiment doesn't perform the offset detec- 
tion directly from the output signal of the mixer 13a or 
13b but performs the offset detection from the output 
signal of the baseband amplifier 22 after once passing 
through the processing by the LPF 21 and the base- 
band amplifier 22. Therefore, an LPF 23 and a base- 
l^nd amplifier 24 for a second stage are provided so as 
to process the output signal of the baset>and amplifier 
21 , and the output signal of the baseband amplifier 21 is 
connected to the switch 20. Further, it may be provided 
with three or more stages of the combination of the LPF 
and baseband amplifier, and offset voltage detection 
and cancellation may be performed in any stage. 

Fig. 7 is a block diagram showing a configuration of 
a direct conversion receiver according to further another 
enr^sodiment of the present invention. With reference to 
Fig. 7. in the direct conversion receiver of the embodi- 
ment, the output signal of the mixer 13a is divided into 
two; one is supplied to an adder 400 as it is, and the 
other is supplied to an offset canceling voltage genera- 
tor 200. 

The offset canceling voltage generator 200 com- 
prises a deita-sigma modulator 210 for detecting offset 
voltage, an inverter 230 for inverting the modulated out- 
put signal by the deita-sigma modulator 210, an averag- 
ing circuit 240 for averaging the output signal of the 
inverter 230, a holding circuit 220 for holding the output 
signal of the averaging circuit 240, and a transfer switch 
250 for controlling the transfer of the output signal of the 
inverter 230 to the averaging circuit 240. 

The transfer switch 250 is controlled by a transfer 
controller 300 in a way of permitting the transfer of the 
output signal of the inverter 230 or blocking it. 

The transfer controller 300 controls the transfer 
switch 250 as below. Namely, in the period of the receiv- 



ing slot 21 shown in Fig. 2, the radio frequency amplifier 
12 is activated into a data receiving state, and the trans- 
fer switch 250 breaks off (OFF) the connection between 
the inverter 230 and the averaging circuit 240. In the 

5 period 23 after the end of the receiving slot 21 before 
the start of the receiving slot 22 of the next frame, the 
transfer switch 250 turns on (ON) the connection 
between the inverter 230 and the averaging circuit 240. 
The above-mentioned relationship will be shown in Fig. 

10 8. 

In Fig. 8, the periods 21 and 22 are offset voltage 
canceling periods and the period 23 is an offset voltage 
detecting period. Detection of the offset voltage during 
the offset voltage detecting period is performed in the 

15 same way as in the case of the first embodiment shown 
in Fig. 1. Therefore, during the periods 21 and 22, the 
offset canceling voltage of opposite polarity to the offset 
voltage of the mixer 13a or 13b is supplied to the holding 
circuit 220. Since the transfer switch 250 turns OFF in 

20 the receiving slot during the periods 21 and 22 as men- 
tioned above, the offset canceling voltage having been 
detected just before the receiving slot is applied to the 
adder 400. Therefore, in the output signal of the adder 
400, the offset voltage is cancelled and only the base- 

25 band signal is obtained. 

As is apparent from the above description, the off- 
set voltage canceling circuit 100a shown in Rg. 3 also 
forms an open loop. 

Though the above description has been made in 

30 the case of the TDMA method, it can be applied to the 
FDMA method similarly to the other embodiments. Fur- 
ther, the deita-sigma modulator 300 may have a config- 
uration of a deita-sigma modulator of several stages as 
shown in Fig. 4, or a MASH typed deita-sigma modula- 

35 tor as shown in Fig. 5, depending on the necessity. 

As set forth hereinabove, since the direct conver- 
sion receiver of the present invention forms an open 
transfer loop for canceling the offset voltage of a mixer, 
it is effective in speeding up the canceling operation 

40 compared with the closed-loop configuration in the con- 
ventional technique. 

Further, according to the present invention, since 
the detection of small offset voltage can be possible by 
a sinple structure, it can achieve the downsizing and 

45 cost-reduction of a direct conversion receiver, which is 
preferable for a portable telephone or other portat^le 
radio terminal device. 

Although the invention has been illustrated and 
described with respect to exemplary embodiment 

50 thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions and additions may be made therein and thereto, 
without departing from the spirit and scope of the 
present invention. Therefore, the present invention 

55 should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodies within a scope 
encompassed and equivalents thereof with respect to 
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the feature set out in the appended claims. 
Claims 

1 . A direct conversion receiver comprising: s 

frequency mixing means (13a. 13b) for mixing 
a received radio frequency signal and a local 4. 
oscillation signal in frequency; 
signal converting means (18) for converting the io 
output signal of said frequency mixing means 
(13a. 13b) into a baseband signal; 
offset voltage detecting means (210, 230, 240) 
for detecting offset voltage from the output sig- 
nal of said signal converting means (18); is 
offset canceling means (220) for supplying off- 
set canceling voltage for canceling the offset 
voltage in the output signal of said frequency 
mixing means (13a, 13b), correspondingly to 
the offset voltage detected by said offset volt- 20 5. 
age detecting means (210, 230. 240), and 
switching means (19, 20) for supplying the out- 
put signal of said frequency mixing means 
(13a, 13b) to said offset voltage detecting 
means (210. 230. 240) during a given period 2S 
based on a predetermined rule, and supplying 
the offset canceling voltage sent from said off- 
set canceling means (220) to the output side of 
said frequency mixing means (13a, 13b) during 
a period other than the given period. 30 

2. A direct conversion receiver as set forth in Claim 1 , 
wherein 



during a period con^esponding to a pilot signal 
part of a received frame, or so as to supply the 
offset canceling voltage sent from said offset 
canceling means (220) to the output side of 
S€ud frequency mixing means (13a, 13b) during 
the other period. 

A direct conversion receiver as set forth in Claim 1 . 
wherein 

said offset voltage detecting means (210. 230. 
240) comprising 

delta-sigma modulating means (210) receiving 
the output of said frequency mixing means 
(13a, 13b) for delta-sigma modulation, and 
averaging means (230, 240) for averaging the 
output signal delta-sigma modulated by said 
delta-sigma modulating means (210). 

A direct conversion receiver as set forth in Claim 1 , 
wherein 

said offset voltage detecting means (210, 230, 
240) comprising 

delta-sigma modulating means (210) receiving 
the output of said frequency mixing means 
(13a. 13b) for delta-sigma modulation, and 
averaging means (230. 240) for averaging the 
output signal delta-sigma modulated by said 
delta-sigma modulating means (210), 
said delta-sigma modulating means (210) 
being a first order or more delta-sigma modula- 
tor. 



when it is applied to a communication system 35 
of Time Division Multiplex Access method, 
said switching means (19, 20) switches con- 
nection so as to supply the output signal of said 
frequency mixing means (13a, 13b) to said off- 
set voltage detecting means (210, 230, 240) 40 
during a period other than an assigned time 
slot of the present receiver, or so as to supply 
the offset canceling voltage sent from said off- 
set canceling means (220) to the output side of 
said frequency mixing means (1 3a, 1 3b) during 45 
a period of the assigned time slot of the present 
receiver. 

3. A direct conversion receiver as set forth in Claim 1 , 
wherein so 



6. A direct conversion receiver as set forth in Claim 1 , 
wherein 

said offset voltage detecting means (210, 230, 
240) comprising 

delta-sigma modulating means (210) receiving 
the output of said frequency mixing means 
(13a. 13b) for delta-sigma modulation, and 
averaging means (230, 240) for averaging the 
output signal delta-sigma modulated by said 
delta-sigma modulating means (210), 
said delta-sigma modulating means (210) 
being a MASH typed delta-sigma modulator. 

7. A direct conversion receiver as set forth in Claim 1 , 
wherein 



when It is applied to a communication system 
of Frequency Division Multiplex Access 
method. 

said switching means (19. 20) switches con- ss 
nection so as to supply tiie output signal of said 
frequency mixing means (13a. 13b) to said off- 
set voltage detecting means (210, 230. 240) 



said offset canceling means (220) 
inverts the offset voltage detected by said off- 
set voltage detecting means (210. 230. 240) to 
otrtain offset canceling voltage and holds the 
obtained offset canceling voltage. 

8. A direct conversion receiver as set fbrtii in Claim 1 , 
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wherein: 

said offset voltage detecting means (210, 230, 
240) comprising 

delta-sigma modulating means (210) receiving 5 
the output of said frequency mixing means 
(13a. 13b) for delta-sigma modulation, and 
averaging means (230, 240) for averaging the 
output signal delta-sigma modulated by said 
delta-sigma modulating means (210); and io 
said offset canceling means (220) 
inverts the voltage supplied from said averag- 
ing means (230, 240) to obtain offset canceling 
voltage and holds the obtained offset canceling 
voltage. is 

9. A direct conversion receiver as set forth in Claim 1 , 
wherein 

one or more stage baseband amplifiers are dis- 20 
posed between said frequency mixing means 
(13a, 13b) and said signal converting means 
(18), 

the output side of any baseband amplifier 
before the rear baseband amplifier being 25 
arranged to be connected to said switching 
means (19. 20) for extracting the output signal 
to be supplied to said offset voltage detecting 
means (210, 230. 240) and supplying the offset 
canceling voltage. 30 

1 0. A direct conversion receiver comprising: 

frequency converting means (13a, 13b, 18) for 
mixing a received radio frequency signal and a 35 
local oscillation signal in frequency and con- 
verting it into a baseband signal; 
offset voltage detecting means (210, 230. 240) 
for detecting offset voltage from the output sig- 
nal of said frequency converting means (13a, 40 
13b, 18) during a given period based on a pre- 
determined rule; and 

offset canceling means (220) for canceling the 
offset voltage in the output signal of said fre- 
quency converting means (1 3a. 1 3b, 1 8) during 45 
a period other than the given period, corre- 
spondingly to the offset voltage detected by 
said offset voltage detecting means (210, 230. 
240). 

so 

11. A direct conversion receiver as set forth in Claim 
10, wherein 

when it is applied to a communication system 
of Time Division Multiplex Access method. ss 
said offset voltage detecting means (210, 230, 
240) detects offset voltage during a period 
other than an assigned time slot of the present 



receiver, and 

said offset canceling means (220) supplies the 
offset canceling voltage to the output side of 
said frequency converting means (13a. 13b, 
18) during a period of the assigned time slot of 
the present receiver. 

12. A direct conversion receiver as set forth in Claim 
10, wherein 

when it is applied to a communication system 
of Frequency Division Multiplex Access 
method, 

said offset voltage detecting means (210, 230, 
240) detects offset voltage during a period cor- 
responding to a pilot signal part of a received 
frame, and 

said offset canceling means (220) supplies the 
offset canceling voltage sent from said offset 
canceling means (220) to the output side of 
said frequency converting means (13a, 13b. 
18) during the other period. 

13. A direct conversion receiver as set forth in Claim 
10, wherein 

said offset voltage detecting means (210, 230. 
240) fetches the output signal of said frequency 
converting means (13a. 13b. 18) through one 
or more stage baseband amplifiers and detects 
offset voltage of the obtained output signal. 

14. A direct conversion receiver comprising: 

frequency mixing means (13a, 13b) for mixing 
a received radio frequency signal and a local 
oscillation signal in frequency; 
signal converting means (18) for converting the 
output signal of said frequency mixing means 
(13a, 13b) into a baseband signal; 
offset voltage detecting means (210, 230, 240) 
for detecting offset voltage from the output sig- 
nal of said signal converting means (1 8); 
offset canceling means (220. 400) for supply- 
ing offset canceling voltage for canceling offset 
voltage in the output signal of said frequency 
mixing means (13a, 13b). con^espondingly to 
the offset voltage detected by said offset volt- 
age detecting means (210, 230. 240). so as to 
overlap the output signal of said frequency mix- 
ing means (13a, 13b); and 
switching means (250, 300) for bloddng the 
supply of the output signal of said offset voltage 
detecting means (210. 230. 240) to said offset 
canceling means (220) during a given period 
based on a predetermined rule, and supplying 
the output signal of said offset voltage detect- 
ing means (210, 230, 240) to said offset cance- 
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ling means (220) during a period other than the 
given period. 

15. A direct conversion receiver as set forth in Claim 
14. wherein 



output signal delta-sigma modulated by said 
delta-sigma modulating means (210), 
said delta-sigma modulating means (210) 
being a MASH typed delta-sigma modulator. 



when it is applied to a communication system 
of Time Division Multiplex Access method, 
said switching means (250, 300) blocks the 
supply of the output signal of said offset voltage io 
detecting means (210. 230, 240) to said offset 
canceling means (220) during a period other 
than an assigned time slot of the present 
receiver, and supplies the output signal of said 
offset voltage detecting means (210, 230, 240) is 
to said offset canceling means (220) during a 
period of the assigned time slot of the present 
receiver. 



16. A direct conversion receiver as set forth in Claim 20 
14, wherein 



when it is applied to a communication system 
of Frequency Division Multiplex Access 
method, 2S 
said switching means (250. 300) blocks the 
supply of the output signal of said offset voltage 
detecting means (210. 230, 240) to said offset 
canceling means (220) during a period corre- 
sponding to a pilot signal part of a received 30 
frame, and supplies the output signal of said 
offset voltage detecting means (210. 230, 240) 
to said offset canceling means (220) during the 
other period, 

35 

17. A direct conversion receiver as set forth in Claim 
14, wherein 



said offset voltage detecting means (210, 230, 
240) comprising 40 
delta-sigma modulating means (210) receiving 
the output of said frequency mixing means 
(13a, 13b) for delta-sigma modulation, and 
averaging means (230. 240) for averaging the 
output signal delta-sigma modulated by said 45 
delta-sigma modulating means (210), 
said delta-sigma modulating means (210) 
being a first or more delta-sigma modulator. 

18. A direct conversion receiver as set forth in Claim so 
14, wherein 



said offset voltage detecting means (210, 230. 
240) comprising 

delta-sigma modulating means (210) receiving ss 
the output of said frequency mixing means 
(13a, 13b) for delta-sigma nKKlulation, and 
averaging means (230, 240) for averaging the 
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